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ABSTRACT: In constructing the Irabu Bridge connecting Miyako to Irabu Islands, a causeway was extended as part of 
the bridge on the reef flat, resulting in the formation of a wave-shelter zone on both sides of the causeway. After the 
construction, marked beach changes occurred on the carbonate beaches surrounded by a coral reef, and the nesting sites 
of sea turtles were extensively lost. The BG model (a three-dimensional model for predicting beach changes based on 
Bagnold’s concept) was applied to predict these beach changes. Then, the stabilization method of the beach was 
considered. A suitable measure was to install groins as well as beach nourishment. 
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INTRODUCTION 
The Irabu Bridge connecting Miyako and Irabu 
Islands located in a subtropical area along with the 
development of a coral reef was constructed in 2010. 
The foot of the bridge near Irabu Island was constructed 
as a causeway in place of the bridge. In the channel 
between the two islands, waves are mainly incident from 
NW in winter and S in summer. Because the causeway 
was extended in this wave field, a wave-shelter zone was 
formed after the construction. Nagayama Beach located 
at the southeast corner of Irabu Island is a carbonate 
beach in dynamic equilibrium owing to the incidence of 
waves from both directions. After the construction of the 
bridge, wave incidence from NW disappeared on the 
south side of the causeway and only the wave incidence 
from S was left, inducing northward longshore sand 
transport, and sand was deposited at the foot of the 
causeway to form a tombolo, whereas beach rocks under 
the sandy beach were exposed to waves on the south part. 
Nagayama Beach is famous as the nesting site for the 
loggerhead turtles, and the disappearance of the sandy 
beach damaged their nesting sites. Under these 
conditions, the recovery of the sandy beach and 
preventive measures against further erosion were 
required. In this study, the mechanism of the beach 
changes of the coast was investigated using aerial 
photographs and topographic survey data along with site 
observation on September 6, 2010. For this purpose, we 
carried out numerical simulation applying the BG model 
(a three-dimensional model for predicting beach changes 
based on Bagnold’s concept) proposed by Serizawa et al. 
(2006). 
BATHYMETRY AROUND IRABU ISLAND 
Irabu Island is located west of Miyako Island 
(24°48'40"N, 125°13'0"E) and they are separated by a 
channel of 4 km width. Because this island is located in a 
subtropical area, coral reefs develop well around the 
island and a carbonate beach developed at the southeast 
corner of the island owing to the shoreward movement 
of sand originally supplied from the coral reef. The 
detailed bathymetry around the southeast part of Irabu 
Island is shown in Fig. 1. The reef flat of 1 km width and 
1.8 km length in the south-to-north direction developed 
with approximately 3 m depth. A reef edge extends in 
parallel to the axis of Irabu Bridge, and the water depth 
rapidly increases to up to 8-10 m offshore of the reef 
edge. In addition, a reef crest of with 2 m depth extends 
along the reef edge. When a line is smoothly drawn 
along the outer edge of the reef, the direction normal to 
this line becomes S38°W. Taking into consideration that 
the water depth is very deep outside of the reef edge and 
a smooth line connecting the reef edge extends toward 
SE, the predominant wave direction from the East China 
Sea is assumed to be the direction normal to this smooth 
line, as shown by the arrow in Fig. 1. Moreover, a deep 
seabed of -6 to -8 m depths extends at the east end of the 
reef edge, and this deep area expands northeastward, 
implying that waves incident from SW can propagate 
toward the bridge. The reef crest well develops along the 
southern marginal line of the reef, whereas no reef crest 
develops north of the bridge with a gradually sloping 
seabed to the east. The difference in reef topography on 
the northeast and south sides with respect to the Irabu 
bridge suggests that in the southeast part of this island, 
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waves incident from SW mainly prevail and these 
prevailing waves play an important role in coral reef 
development. The bridge crosses the channel with the 
causeway of 670 m length and the opening of 70 m at the 
central part, as shown in Fig. 1. 
 
SHORELINE CHANGES 
Figures 2(a) and 2(b) show the aerial photographs in 
1962 and May 2009, respectively. In these photographs, 
the location where the bridge intersects the coastline is 
designated as point A, as well as point B on a rock 
located 550 m north and point C 450 m southwest of 
point A. In the area north of the bridge, a sandy beach 
extended only between points A and B with exposed 
rocks north of point B, as shown in Fig. 2(a). In addition, 
rocks protruded at six locations between points A and B. 
South of the bridge, a sandy beach of 20 m width 
extended straight up to point C and the shoreline 
direction markedly changed at point C while forming a 
cuspate foreland. Further south of this cuspate foreland, 
the beach width rapidly decreased for a narrow sandy 
beach being left between several rocks. In May 2009 
after the construction of the bridge, as shown in Fig. 2(b), 
the causeway at the foot of the bridge obstructed the 
wave incidence from the south on the north side of the 
bridge and vice versa. As a result, longshore sand 
transport toward point A was induced, causing erosion 
on the southern beach. In these aerial photographs, a 
break in slope between the reef flat and sandy beach of 
white color can be clearly identified, and therefore, this 
line was regarded as the shoreline in this study.  
Figure 3 shows the shorelines in four periods 
between 1986 and December 2009. After the 
construction of the bridge, the beach was severely 
eroded near point C, and eroded sand was transported 
toward point A located at the foot of the bridge. 
Furthermore, in the shoreline configurations in May 
2009 and December 2009 after the construction of the 
bridge, the shoreline configurations on the southwest 
side of the bridge coincided with each other. In addition, 
the shoreline on the northeast side of the bridge 
advanced in parallel between May 2009 and December 
2009. These findings demonstrate that the shoreline on 
the southwest side of the bridge had almost reached a 
stable condition while permitting eastward leakage of 
sand under the bridge, and the shoreline on the northeast 
side became normal to the predominant wave direction, 
taking into account that the shoreline had advanced in 
parallel. The direction normal to the shoreline at the 
middle became equal to the wave direction at the 
shoreline: S22°E on the southwest side and N73°E on 
the northeast side of the bridge. It should be noted that 
when sand was deposited near point A, the shoreline on 
the northeast side of the bridge did not change and 
almost all sand was transported from the southwest 
beach near point C. At present, the foot of the bridge 
locally has a pier structure permitting the passage of 
longshore sand transport under the bridge so that sand 
deposited near point A is considered to be transported 
northeastward while passing under the bridge. 
 
Fig. 1  Bathymetry offshore of southeast part of Irabu 
Island. 
 
Fig. 2  Aerial photographs of study coast taken in Dec. 
1962 and May 2009. 
 
Fig. 3 Shoreline changes between 1986 and 2009. 
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FORESHORE MATERIALS AND CHANGES IN 
LONGITUDINAL PROFILES 
The beach material was sampled and the foreshore 
slope was measured at the center of the foreshore of 
triangular shape on the southwest side of the bridge, as 
shown in Fig. 3, on September 6, 2010, and the sieve 
analysis of the materials was carried out. The material 
was composed of well-sorted coarse sand with a median 
diameter of 1.3 mm and a coefficient of uniformity of 
2.49. The grain size composition was 2% (pebble gravel), 
8% (granule gravel), 65% (coarse sand), and 25% 
(medium-size sand), and the foreshore material was 
mainly composed of coarse and medium-size sand. The 
foreshore slope was approximately 1/10. 
On the basis of the topographic survey of the coast 
carried out on February 9, 2005 before the construction 
of the bridge and March 8, 2008 after the construction, 
the changes in longitudinal profile along six transects a - 
f, as shown in Fig. 2(b), were investigated. Figure 4 
shows the change in longitudinal profile along transects 
a and f in eroded and accretion areas, respectively, as 
typical examples, where the dotted line shows the reef 
flat as a solid bed. Along transect a crossing a severely 
eroded area, there existed a sandy beach with a berm 
height of 1.5 m before erosion, but this beach was eroded 
away from a point of the elevation of Z = 2.6 m up to the 
reef flat (Z = -0.8 m), leaving a steep slope of 1/8 and 
exposing the solid reef flat. The point of intersection 
(henceforth, we call this the shoreline position) between 
the beach profile and the still water level (Z = 0.0 m) 
retreated by y = 18 m during this period, and the 
change in cross-sectional area of the beach (S) was -
42.2 m2. On the other hand, along transect f, sand was 
deposited between the base of the reef flat of Z = -1.2 m 
and the elevation of Z = 2 m with the shoreline advance. 
Although the berm was as high as 2 m at the landward 
end of the sand deposition zone, where beach changes 
occurred in the beginning, it gradually decreased 
seaward with further accretion of sand to be 1 m above 
MSL. Regarding the relationship between y and S 
obtained in all the transects of a - f, a linear relationship 
of S = 2.7y + 2.4 was obtained.  
Since the regression coefficient between y and S 
is equal to the characteristic height for beach changes h, 
the height became h = 2.7 m. Multiplying the eroded and 
accreted foreshore areas of 9600 and 10700 m2 
determied rom the shoureline changes in Fig. 3 by the 
characteristic height for beach changes, the volume 
changes of the foreshore became 2.59 × 104 m3 and 2.89 
× 104 m3 with the average value of 2.74 × 104 m3. 
 
BASIC CONCEPT FOR MEASURES 
The coast under study is located at the southeast end 
of Irabu Island and the coast had been subject to the 
action of waves diffracted from the north and south ends 
of Irabu Island. Moreover, there are coral reefs offshore 
of the coast, from which coral sand can be gradually 
supplied to the beach. Thus, the coast under study was 
assumed to have been in a dynamic equilibrium in terms 
of the beach changes under the action of waves incident 
from the south (main) and north (secondary) sides along 
with a gradual sand supply from reefs. The wave field, 
however, had markedly changed owing to the 
construction of a causeway at the foot of the bridge, and 
the wave-shelter zone was formed on both sides of the 
bridge. The beach on the south (or north) side of the 
bridge was only subject to the action of waves incident 
from the south (or north), resulting in longshore sand 
transport from the far side of the bridge to the base of the 
bridge. This was supposed to be the cause of beach 
changes. Figure 5 shows a schematic explanation. Beach 
changes were considered to occur by longshore sand 
transport from the outside to the inside of the wave-
shelter zone formed by the construction of the causeway. 
(a) Transect a 
 
(b) Transect f 
 
Fig. 4 Change in longitudinal profiles along transects a 
and f. 
 
 
Fig. 5 Schematic diagram for consideration of measures. 
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Consider a condition that the southwest side is eroded 
and sand supplied from the southwest side is transported 
northward. If longshore sand transport can pass under 
the bridge, the shoreline between points F and G east of 
the bridge can advance as F'G'. However, after a 
sufficient volume of sand is deposited under the bridge, 
longshore sand transport itself is blocked by the newly 
formed beach, and then the shoreline DE advances as 
D’E’ owing to the blockage of longshore sand transport. 
This means that the shore protection facility must be 
extended to the direction normal to the shoreline DE to 
form a stable shoreline. The most reasonable method is 
to extend several groins between points A and C to form 
the shoreline parallel to the shoreline DE, and sand back 
passing from the base of the bridge to the southern coasts 
after the construction of groins. 
 
NUMERICAL MODEL 
The BG model (a 3-D model for predicting beach 
changes based on Bagnold’s concept) proposed by 
Serizawa et al. (2006) was applied to predict the beach 
changes. This model was developed by applying the 
concept of the equilibrium slope introduced by Inman 
and Bagnold (1963) and the energetics approach of 
Bagnold (1963). We use Cartesian coordinates (x, y), the 
x- and y-axes are taken in the cross-shore (shoreward 
positive) and longshore directions, respectively, and 
consider that the seabed elevation Z (x, y, t) with 
reference to the still water level is a variable to be solved, 
where t is the time. The beach changes are assumed to 
occur between the depth of closure hc and the berm 
height hR. For the sand transport equation, Eq. (1) 
expressed in terms of the wave energy at the breaking 
point was used with the variables given by Eqs. (2) - (7). 
Here, Eq. (1) has been improved from the original 
equation proposed by Serizawa et al. (2006) by including 
both the coefficient of longshore and cross-shore sand 
transport, and an additional term given by Ozasa and 
Brampton (1980) was incorporated into Eq. 1(b) to 
evaluate the longshore sand transport owing to the effect 
of the longshore gradient of breaker wave height. 
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Here, qx and qy are the x- and y-components of sand 
transport flux ， w is the wave angle measured 
counterclockwise with respect to the direction of the x-
axis, (ECg)b is the energy flux at the breaking point，b 
is the breaker angle，and tanc is the equilibrium slope 
of sand such that cross-shore sand transport becomes 0 
when waves are incident normal to the shoreline. Kx and 
Ky are the coefficient of cross-shore and longshore sand 
transport, respectively, K2 is the coefficient of the term 
given by Ozasa and Brampton (1980)，and Hb is the 
breaker height.   

tan is the seabed slope at the breaker 
point, and in this study, we assumed   

tantanc. C0 is 
the coefficient transforming the immersed weight 
expression into a volumetric expression 
(   

C01 s g 1 p   , where  is the density of 
seawater, s is the specific gravity of sand particles, p is 
the porosity of sand, and g is the acceleration due to 
gravity), hc is the depth of closure, and hR is the berm 
height. (Z) is the depth distribution of the intensity of 
longshore sand transport, and a uniform distribution as 
Eq. (6) is assumed for the integral of (Z) over the depth 
zone between -hc and hR to be equal to 1. Equation 7(a) 
shows the relationship between the energy flux at the 
breaking point and the breaker height, assuming the 
linear shallow water wave theory.  is the ratio of the 
breaker height relative to the water depth. In addition, k1 
= (4.004)2 in Eq. (7b) is a constant in the relationship 
between the wave energy E and the significant wave 
height when the probability of the wave height of 
irregular waves is assumed to be given by the Rayleigh 
distribution (Horikawa, 1988). 
The beach changes were calculated using the 
continuity equation of sand (   

Z tqx xq y y ) 
along with the sand transport equation. The calculation 
domain was discretized in 2-D elements with the widths 
x and y. The calculation points of the seabed 
elevation Z and sand transport rate   

q    qx , q y   were 
distributed using the staggered meshes with a half mesh 
interval, and the equations were solved by the explicit 
 
T. Uda, et al. 
28 
 
finite difference method. These calculations were 
recurrently carried out. For the boundary conditions, 
sand transport was set to be 0 at the solid boundary. 
The wave field of the irregular waves necessary for 
the calculation of the beach changes was calculated 
using the energy balance equation given by Mase (2001) 
with the energy dissipation term due to wave breaking 
(Dally et al., 1984). As the spectrum of the incident 
waves, the combination of the frequency spectrum of the 
Bretchnider-Mitsuyasu type and the Mitsuyasu-type 
directional function was used (Goda, 1985). In addition, 
the wave-sheltering effect owing to the detached 
breakwater or a groin was evaluated using the angular 
spreading method for irregular waves (Sakai et al., 2006; 
Uda, 2010). The distribution of the wave diffraction 
coefficient Kd and the direction of diffracted waves d 
were calculated using the angular spreading method, and 
the significant wave height H calculated using the energy 
balance equation under the conditions without the 
detached breakwater or a groin was reduced by 
multiplying Kd, and the wave direction was assumed as 
d. The calculated wave height H was assumed to be 
approximately equal to the breaker height Hb. The 
breaker angle at each point b was assumed to be the 
angle between the calculated wave direction at each 
point w and the direction (shoreward positive) normal to 
the contours θn. In estimating the intensity of sand 
transport near the berm top, at the depth of closure and at 
the reef flat, the intensity of sand transport was linearly 
reduced to 0 near the berm height, the depth of closure 
and reef flat to prevent sand from being deposited in the 
zone higher than the berm height and the beach from 
being eroded in the zone deeper than the depth of closure, 
similar to that in Serizawa et al. (2003). 
The sand transport fluxes   

q     qx , q y    were reduced 
by multiplying a coefficient  as in Eq. (8a), where  is 
described as in Eq. (8b). Z0 is the thickness of the sand 
layer from which the reduction in sand transport begins, 
and Z is given by Eq. (8b) near the berm height and by 
Eq. (8c) near the depth of closure. The calculation points 
of sand transport and seabed elevation have a half mesh 
difference because of the staggered meshes with a half 
mesh interval, and therefore, the Z value at a point 
immediately downcoast and upcoast of the calculation 
point of sand transport was used in calculating Eqs. (8b) 
and (8c), respectively. In addition, Z0 was given by 0.3 
m. On the reef flat, the same method as in Eq. (8b) near 
the depth of closure was employed and Eq. (8c) was 
employed near the sea bottom level ZB. 
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q  q                                                                       (8a) 
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
ZZhc  near Zhc ,  

ZZZB  near ZZB   (8c) 
 
CALCULATION CONDITIONS 
Figure 6 shows the calculation domains for wave 
field and beach changes. The calculation domain for 
beach changes was selected to be 800 m alongshore and 
500 m in the cross-shore direction, which was included 
in the wave calculation domain. In the calculation, the 
tide level was set to be the high water level (HWL), 
which is +0.9 m above the mean sea level. For the 
incident wave condition, the incident wave height was 
assumed to be Hi = 3 m, and wave period T = 12 s. This 
wave condition corresponds to the wave occurring 
several times in a year (three days in a year) as shown by 
the observation data obtained between 1989 and 2002 
offshore of the Hirara Port of Miyako Island. The wave 
direction was S38°W, which was estimated as mentioned 
above and is equal to the direction normal to the outer 
marginal line of the reef edge. As the boundary 
conditions for the calculation of beach changes, sand 
transport was set to be 0 along the outer boundaries of 
the calculation domain and the boundaries along the 
structures. 
In the numerical simulations, the sandy beach under 
the natural conditions before the construction of the 
bridge was reproduced first, and then five cases of the 
prediction calculations were carried out while changing 
the arrangement and shape of a detached breakwater and 
groins along with the beach nourishment. In the beach 
nourishment, 32000 m3 of sand taken from the sandy 
beach at the base of the bridge was used for nourishment 
materials. In Case 1, only beach nourishment was carried 
out. Although in Cases 2-5, the same volume of sand as 
in Case 1 was used for beach nourishment, a detached 
breakwater and a T-shape groin were installed in Case 2, 
and the groin shape was altered in Cases 3, 4 and 5 to 
prevent nourishment sand from discharging. The 
observed beach changes were assumed to be triggered by 
the northward longshore sand transport, by which the 
south part of the bridge was eroded, and eroded sand was 
transported northward finally to deposit at the base of the 
bridge. In this case, part of the sand was deposited up to 
the north side of the bridge after passing under the bridge, 
but the volume of sand transported by such movement 
was small, taking into consideration the fact that sand 
was deposited such that the shoreline north of the bridge 
made a small angle to the axis of the bridge. From this 
reason, a solid wall was assumed to be set under the 
bridge in the calculation. Other calculation conditions 
are shown in Table 1. 
 
RESULTS 
Although the numerical calculation was carried out 
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using Cartesian coordinates (x, y), in which the x- and y-
axes are taken in the cross-shore (shoreward positive) 
and longshore directions, respectively, the results are 
easy to understand when the x-axis is exchanged with the 
y-axis and we adopt the cross-shore coordinate being 
seaward positive. Therefore, we define Cartesian 
coordinates (X, Y), in which the X- and Y-axes are taken 
in the longshore and cross-shore (seaward positive) 
directions, respectively. The reproduction calculation 
was carried out given the calculation conditions as 
mentioned above. First, the wave field in the rectangular 
area of 2900 m length and 2400 m width in the 
longshore and cross-shore directions, respectively, was 
predicted, covering the planned area of the bridge and 
given the bathymetry. Figure 7 shows the calculated 
wave height distribution. The height of incident waves 
markedly decreased by wave breaking along the reef 
edge south of the bridge, and attenuated waves were 
obliquely incident to Nagayama Beach. In addition, in 
the vicinity of the base of the bridge, waves that 
propagated through the channel located southeast of the 
bridge were also incident, generating northward 
longshore sand transport toward the base of the bridge. 
Table 1  Calculation conditions. 
Period of reproduction 
calculation 
Between 2007 and 2010 after construction of bridge 
Prediction Case 1  beach nourishment of 32,000 m3 
Case 2  detached breakwater + beach nourishment 
Case 3  three groins with 60 m length + beach nourishment 
Case 4  three groins with 70 m length + beach nourishment 
Case 5  three groins with 80 m length + beach nourishment 
Initial bathymetry 
 
Reproduction calculation: natural bathymetry in which the bathymetry before the construction of 
bridge was recovered. 
Prediction: bathymetry after removal of deposited sand on the basis of the reproduced 
bathymetry in 2010 
Wave conditions HI = 3 m, T = 12 s, and wave direction of S38°W which is the direction normal to the marginal 
line of reef edge south of the study area. 
Tide level H.W.L. = E.L.+0.9 m 
Equilibrium slope tanc = 1/10 
Angle of repose slope tang = 1/2 
Berm height hR = 1.1 m (E.L.+2m) 
Depth of closure hc = 2.9 m (E.L.-2 m) 
Coefficients of sand 
transport 
Coefficient of longshore sand transport Kx = 0.05 
Coefficient of cross-shore sand transport Ky/Kx = 1.0 
Coefficient of Ozasa and Brampton (1980) term K2 = 1.62Ky 
Depth distribution of 
sand transport 
Uniform 
Boundary conditions Shoreward and landward ends: qx = 0, right and left boundaries: qy = 0 
Mesh size x = y = 10m 
Time intervals Δt = 0.5 hr/step 
Duration of prediction 10 years 
Calculation of wave 
field 
Energy balance equation (Mase, 2001) 
•Term of wave dissipation due to wave breaking: Dally et al. (1984) model 
•Wave spectrum of incident waves: the combination of the frequency spectrum of the 
Bretchnider-Mitsuyasu type and the Mitsuyasu-type directional function (Goda, 1985) 
•Total number of frequency components NF = 3 and number of directional subdivisions Nθ = 16 
•Directional spreading parameter Smax = 75 
•Coefficient of wave breaking K  = 0.17 and  = 0.25 
•Minimum water depth h0  = 2 m  
•Wave energy = 0 where Z ≥ hR 
Structural conditions 
 
Case 2: detached breakwater with 70 m length and wave transmission coefficient of Kt = 0.5 
T-shape groin: head of L = 60 m, and longitudinal part of L = 50 m, Kt = 0 
Cases 3, 4 and 5: L = 60, 70 and 80 m, Kt = 0 
  
 
 
Fig. 6 Calculation domains. 
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Figure 8 shows the predicted results of beach 
changes. The southwest part of the original topography 
shown in Fig. 8(a) was rapidly eroded due to northward 
longshore sand transport, and eroded sand was 
transported to the base of the bridge, forming a foreshore 
of triangular shape, as shown in Fig. 8(b). Fig. 9 shows 
the shoreline changes. The shoreline changes were rapid 
at the initial stage and gradually slowed down with time. 
Fig. 10 compares the measured with the predicted 
shoreline configuration and they were in good agreement. 
 
MEASURES 
In Cases 3, 4 and 5 in which the groin length was 
changed and sand nourishment was carried out, no stable 
beach was formed because of the insufficient groin 
length in Cases 3 and 5, suggesting the inappropriateness 
of Cases 3 and 5. Here, therefore, the results of the most 
appropriate plan of Case 4 is shown, in which 
nourishment sand stably remained in the nourishment 
site. In Case 4, two groins were installed along the 
straight shoreline of 300 m length between points A and 
C along with another T-shape groin near point C to 
stabilize the sandy beach south of the groin. These groins 
were placed normal to the wave direction at the breaking 
point that intersected obliquely with the shoreline, and in 
selecting the installation site of the groins, the change in 
the shoreline configuration from convex to concave near 
point C was considered. Finally, the arrangement of 
groins was determined to be L-shape with 50 m for 
basement and 70 m for the tip at point C, groin (1) with 
 
Fig. 8 Predicted bathymetry after construction of bridge. 
 
Fig. 10 Measured and predicted shoreline configurations. 
 
Fig. 7 Distribution of wave height and wave direction (Hi 
= 3 m, T = 12 s, S38°W, HWL = EL+0.9 m). 
 
Fig. 11 Distribution of wave height and wave direction 
(Case 4: groins with 70 m length + beach nourishment) 
 
Fig. 9 Shoreline changes. 
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70 m length at a location 120 m north of point C, and 
groin (2) with the same length as groin (1) 160 m further 
north. After the installation of these groins, sand 
deposited at the base of the bridge was removed and 
such sand was used for the beach nourishment along the 
southwest side of each groin. Figure 11 shows the 
predicted wave height distribution. A calm wave zone 
was formed on the north side of each groin because of 
oblique wave incidence. Figure 12(b) shows the 
predicted results of beach changes after the beach 
nourishment, as shown in Fig. 12(a), under the wave 
height distribution. Figure 13 shows the shoreline change. 
A stable sandy beach was recovered between the groins. 
 
CONCLUSION 
The beach changes on Nagayama Beach being a reef 
coast located at the southeast end of Irabu Island were 
analyzed using aerial photographs and topographic 
survey data, and the beach changes with/without several 
measures were predicted using the BG model. The most 
appropriate measure was to extend two groins and an L-
shape groin, and then, carry out beach nourishment using 
sand deposited at the base of the bridge. In this example, 
the original plan of the bridge was considered to be 
inappropriate, because the natural beach has significantly 
changed into a beach surrounded by many artificial 
structures, devastating the nesting site of sea turtles. It 
clearly shows that sufficient prediction of the 
environmental change must be carried out beforehand to 
prevent the devastation of the beach. 
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Fig. 12 Predicted bathymetry in Case 4. 
 
Fig. 13 Shoreline changes in Case 4. 
